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1. Introduction

Heocent Deep lnelastic Seatiering (DIS) experimenss
laves indhicated that gluons may play animportant role in
theapin stracture of the proton. As an cleclromugnetic
process, the DS s pol direetly sensitive to the nenrral
ghisons. In condrast, pedarized pep collistions at [WHC of
fers an eppurturity to probe the gluon distributions via
strong interaction processes, Dadesd
goals ol the RATC-spin physies program is to determine
the spiv-dependent. gluon stroeture functions. The pro-
corses sengitive to the gluon stractare Deaetions inclade
direct-photon producstion, openscharm production, and
Jub poduetinn: Althonph the process of dijer production
in hadron-hadran collisions have beeg stadied i tee Titer-
ature ||]. a closely related process, naeely (e his -t
dilvpeleon prosluciion, las received little attention so far.
The purpoge of this note is to discuss tle feasibility of us-
ing dibidron production al RHIC to extract information
o1 the spln-depeudenl gluon stractire funetions

Fuop ddijel amd dihadeon production, subprocesses in
valving quark-quark, quark-gluon and gloon-gloon sest-
terings can all contribute Lo the observed cross sections
and doulde helicity asvinmetries, To distinguish the of
Lot ol gloons from these of quarks, it is important to
identify the kinematic region where ghion subprocesses
play a dominant ndes Afrer identifving the region where
glum darmnates, it 2 necessary to cheek how scensitively
the measurements can separate dilferent paramerriza-
tions of pluon stucture funetions.

In Section 2, we present the formula and calculations
for the cross sections ane double Lelicity asvinmetries
for both the dijel and the dihadron produerions, The ex-
pecled sensitivity of dibadron measurement at PHENIX
for distinguishing various paramectrizations of the spin-
dependent gluon structure funetions will he presented in
Section 3. Summery and future prospect will be given in
Section A,

e of the main

2. Dijet and Dihadron Productions in
Hadron-Hadron Collisions

Consider two jets produced with rapiditics y, and g
and with equal and opposite transverse momentam pp.
The differential cross section and the double helicity
asvmmetry Ay can be written asfl]

daﬂ = 11,._{ z j
dMdydys 25 coshiy” = bt fay
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In Fgs. 1 and @ che déi g St and ‘ﬁ""!:hh dre Lhe oo deciion
aned the double helicity asvimmetry &F the hard seatteor
ing subprovesses/1], and f40r4, Q%) and Af2 (x4, (%) are
spin-averaged and spio-dependent steuetare funetions of
parton a4 o hewlron AC We w4l 1se che steucture fune
tions mven by Gehrmann and Stirling (G-5) [2], which
reproduce the S data well, as the tupots to oue ealen-
lations. The d%s /dM dy,dys and A, ; versus the Jet-pair
muws M oat ¥y =y =0 and 5 = 5000 arc shown o
Figs 1fa) and 1{b), respectively,

Fig. 1 shows that the glusn-gluon seattering process
doniinates al most Kinemasie region.  This is due to
the facts thats (i) (do/dt),, is significntly larger than
other processes. e, (dd/dl),, ue © (07000 a0
(de fdt)ggapy = 304 @ 326 1 022 at 8 = O0°. (ii)
(814 )gq vy has a large positive value (&1 g5 = 077
at 8 = 80°). (i) zluons are more abundant than the
quacks al Lhe relatively small 2 vegion (2 £ 0.3) ex
plored at RHIC. Thersfore, as long as AU is nob too
small, we would expect mportant contributions to A,
from gloom-glnon seatterings,

As the rapidity of the dijet lncreases, our palenlationy
show that the quark-gluon seattering process becomes
increasingly important. Hence, by choosing a small po-
lar angle # (which corresponds to a large dijet capidity),
one can detoct dijets which wre sensitive to the valence



quath distributions. More detailed discussion on the ra-
pidity dependence of dijet production will be presented
laewhere [3].

Toexamine the sensitivity of dijet production to spin-
dependent pluon stracture funetions, in Fig.
1{e) the double helicity asymmetries using theee dilferent
G-5 parametrizations[2] (sots A, B, and C). As shown in
Fig. 1ic). dilferenl MG (e, Q%) gives very different 4pp.
sugeesitieng that dijet production can be used to distin-
guish different parametrizations for (he gluon polarzas
fion,

Thir eross section and double helicity asvuunctey for
dihadron production in hadron-hadron eollisions [A+R

y O D X) mre given by 3.4]

we shon

Py
[j!r SE U"Ir]"

da e [
ol B ey il B LT

S fj-".{' O i
f "3 Z Tl T

Smwin had ah

!
dpr v

ceasliy®

A2 g (TTe

R pl—.@7)
=4

. ey Ny ==l
Nt {-"-.":'J”.?lr;nj-uj in ; i rh. (3)
(11

it Dy, [P Tmae
A LL~— |: ..... = 1 ="y / :_,fjr”

e A ey s coshy* J.
1: = o0
[ I |"r I’IP "Za}-f”‘_{-}]
Wkoyitn 1'5!" (P ) + (¥
‘lf.l.l:- L ONa r u"u,rrliu | & —be4d)
dt
£z txl’ (2p). (6)

willi

M =24 p5pReashy*, QF = [p{i'._,}-

i
Fign
Iy, = i:f__{p!nll +EUI'I_|_, Fip = L l:t._—r.". i t'_:'l':}

e v
pr = PP =5l 2=zl 15,
Zmin = MR, oo )

Frnns —-{ l(' i1 if |p 'IlrpTl [T]'
e Lo fd | 0L | f5] > I

where dGqe/dl, 355, F3(x,0%) and Af2(x, 07) have the
saune delinitions as in the dijet case, and (proin. Prmes )
specifies the range of the net pr of the dibadron. D (z)
and DF(2) are the fragmentation functions describing
Lhe probability for a parton to hadronize into a hadreon
carrying a fraction z.of the parton momentum.

If we inlegrate over gy and g0, Fag- 5 can be written as

ifer v Hmins dta
g n oy —— 8
4 f e [ V2 oy A (8)

Wenim

and a stmilar expression for App. The rapidity coverage
for the deteclor is from —Y o ¥, and

a
onin, = mA(=Y IR = g1},
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Wi have calenlaced the differential cross section and
double helicity asymmetry Apy for %%-palr production
in pep collision. We chose 7% pair production in onr
study for two reasons, Tirst, the detection of 7" is rela-
tively straightforwaed since Il only regquires elichromaps
there exist some r¥-pair pro
duction data from T8I [3] and owr calenlations can e
compared with these cdata

Using the gboueture Tunelioes of 2] and the fragmenta-
tion fanetions given in [6], we caleulatod the differential
croas section o e fd M iy ebips aned g g [ow ;.'.;“—pui:' prrencdig-
tion in pep collision al g — e = Oand s = 5000V for
el o< Weel fes The results are shown in Pies, 2000 aned
2b) Comparing g 2 wich Fig. 1, one obsorves sioilu
shapes tor A1y oo dijer and dibiadeon produeiions, Hose-
ever, the predicted Ag g s shifted towards lower dibadron
sy M for dibardon produetion versus dijet prodiction.
In other words, there appears to be a corveapondenee -
tween the dijen prodection at o piven Moand the dihadean
productions st o lewer A,

This approsimsre correpondence between dijel and oi-
hadron productions can be wolerstood By cansidering the
simple case of gy = po = 0 aned the ner dibadean g = 10
We find M padron ~ 2 My, where 2 ig the mean value
of =, aml the dihadleon production i4 sampling the o re-
gion vory stmilar to that of the dijet prodwetion. This
ristgh correpondence hetween dijet and dihadron produc-
tions has an mportant implication, namely, information
which arc obtained from high-M dijel messurement can
alreatdy be obtained in dihadron measurement at signifi-
cantly: lower A

Lo check the sensitivity of diliadron produetion o the
pluon polarization, s show in Figo 2(e) the predic:
tivns for Ay, for the chree G-5 AG(z, (F) parametriza-
tions [2] The results indicate good sensitivily Lo Lhe spin-
depetdent gluon structure finetions just like the case for
dijer production. This is to be expected given the rough
correpondence property discussed above.

An extensive study of 7% pair production in pp eolli-
siong has been performed ar TSH by the CCOR collabo.
ration [3] In Tig. 3, we comparc our caleulations with the
CUOR data, Nobe that a normalization factar of 2.5 has
besn apphied to the calculations. This normalization fac-
tor is reminiscent of the A-faclor in Lhe Drell-Yan process
and it rellects additional comtributions from higher-order
provesses to the dihadron produetions. "T'he mass and Lhe
/5 dependences of the CCOR data are well reprisdueed
by vur calealations,

pebie calorimeter, Secondd.
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3. Dihadron Productions at PHENIX

In this Section, we consider the expected rates and
scusitivities for measuring 7'-pair productions nsing the
PHENIX detector at RHIC.

RILG can aceclerate polanzed proton beams up
to 5 = BONGel at the luminosity of 2 = 109 »
(W /B0 em~4see ™ with large polarization of TU%. 1o
the following studics, we will assume the inteerated lumi-
nosity of 800p0! for 5 = 500Gl which corresponds
L 10 weeks of running {ime

The azimuthal acceptanes for PHENIX detectors is
aboul 1357, For net pr < 1Gele, and Ay = Ay =
a aronnd gy — ya = (), we show m Fig 2(c} the ex-
pected stacistical veeors for s W0-week run, The diladron
meagirementy can clearly ecparate the thive AG s given
in [2],

If we integrate over e pralar angles corrcsponding to
the PHENIX acerptance in pseudo rapidity, =035 < 5 <
(L35, Lhe expeeted vields for 2™ pair production are listed
i Lhie following [\\-hru: Lhe unit of M is Gel /o7y

min{'umt.]r Ruuw.-' Nield
Boor A 12 ~ 500w 10E

12 < M < 16 “m‘:
6= Ao« J6

1.7 % 100
e Mo 52 ~ 1.2x 108

The senzitvity of this measurciment to the three AG's s
shown in g, 40 The integration over the polar angles
will stear ool the kinematic region & for a given M but
Leitter statistics will be obiained for dis impnishing the
Lbiress AT s,

As seen from Fig. 2{¢) and Fig. 4, one can distinguish
the three AL quite well at least up L A = 2061/
which corresponds to & = (.13, For distinguishing e
three AG7 ab higher M, more statistics is needed,

4. Summary and Future Prospect
Wit wonld summarize the aliove disenssions as follows:

1. Dihadeon and dijel produerions at RHLC are sensi-
thve Lo pluon strmeture functions.

2. A rough correspondence pxists hetween dibadron
and dijel productions, This feature makes it possi-
hle to use dibadron production ss an alternative
method. 1o study spin-dependent ghion structurs
functions.

3. A two-month messurement for 7% pair production
al. PHENIX could clearly distinguish the various
Gehrmann and Stirling polarized sluon structure
tunctions.

1. Further studies are required to investizate this sen-
sitivity of these results to Tagmentation fanctions,
and to extend the investigation to other dihadion
channels such as wH7—,
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FIG. 1 Caleulalions ul dijet productions in pp collisions
At & = S0GeV and w =y = 0. {a) and (b) show the
cuntributions from various suhprocesses to the rross section
and donble helicily asymmetry, and {¢) shows the 4., nsing
thres sets of parametrizations of gluon polurication given in
i2].
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FiG 2 Calculations of =% pair productions in pep collis
sions at % = 30eV and g = ya = 0. {a} aml (b) show the
comtributions from varnous subprocesses to the oross section
and donble helicity asyuunetry, and (o) shows the 400 nsing
three sets of paramernizations of sluon polavication given in
12} and the expected statistical ereorz for a BODph ™! run in
PHENEX.
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FIG, 3. Cuompareson between the colculstions and the
wpatir production duts i e callissom from COORIG] ut %
of 448 andd 624 el A wormadigition facter of 2.5 has been
noltiplicd o the culeulations at btk energic,

oy

HELE

T

b1} 0 1= ‘ul'l 7 g T 20

FIG. 4. Calewlations of Arp for #"-pair detection at
W& = S00Ccl mtegrated over the full acceptance of the
PHENIX detector,  The expeeted statistical crrors for g
B00pb " run are alse shown

L35



